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1
YAW RATE SIGNAL OFFSET CALCULATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application is a National Stage of PCT International
Application No. PCT/EP2011/001630, filed on Mar. 31,
2011. The disclosures of the aforementioned applications are
incorporated herein in their entirety by reference.

The present invention relates to a method for calculating
the offset of a yaw rate signal, which is provided by a yaw rate
sensor in a motor vehicle.

The yaw rate is the angular speed of the movement of a
vehicle round its vertical axis. Driver assistance systems use
the yaw rate for example to compare the angular velocity,
which is due to the radius of a curve and the vehicle speed, to
an actual yaw rate. Any deviation from the expected yaw rate
may be due to the loss of control of the driver, which may then
be corrected, if possible, by the assistance system.

Yaw rate sensors are therefore important sensors in modern
vehicles.

In the control of electric power assisted steering systems
for road vehicles, yaw sensors can be used to control the
steering system. A simple function may be to compare the
centre position of the steering system, in which a vehicle
should drive in straight line, with the actual yaw rate which
should in this case be zero (0).

Generally, and especially in the implementation mentioned
above, it is desirable to know the offset of the yaw rate sensor
in the vehicle. The offset is defined as the deviation of the yaw
rate sensor signal from O when the vehicle is at rest.

German document DE19919860C2 describes a method to
calculate the offset of a steering angle sensor signal by com-
paring a the difference between an expected and a measured
yaw rate signal at rest with the respective difference in the
yaw rate signal when the vehicle is moving. The offset of the
yaw rate sensor and its variation over time during the use of
the vehicle is not precisely determined.

In German Offenlegungsschrift DE4130142A1 there is
disclosed a system for calculating the offset of a steering
angle sensor. The calculation is initialized only when high
vehicle speeds and small steering angles are sensed. The
system then assumes that the vehicle is travelling in a straight
line. There is no precise offset calculation for yaw rate signal
sensors disclosed.

It is known from U.S. Pat. No. 4,470,124 that the offset of
yaw rate sensors can be calculated on the basis of the average
yaw rate signal value. The yaw rate signal changes between
positive and negative values. In practise, the average over
time should be zero. Any deviation from zero of the averaged
yaw rate is taken as a sensor offset. This method is not very
precise. Furthermore, there are methods to perform tempera-
ture based offset compensation in yaw rate signals. The offset,
however, is not only influenced by temperature, but also for
example by aging and other factors.

It is known from European Patent EP 1264749B1 to com-
pensate a vehicle yaw rate measuring system, in which the
system has a yaw rate sensor and low frequency parts of the
signal are filtered out of the signal of the yaw rate sensor. The
system is compensated only during time periods in which the
filtered signal does not exceed a predetermined amount in a
predetermined period of time. These conditions apply when
the vehicle is at rest or travelling in a straight-ahead direction.
There is no disclosure relating to the means and methods
applied to determine the standstill of the vehicle.

It is therefore an object of the present invention, to provide
amethod for determining the offset of a yaw rate sensor signal
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in a vehicle with high precision, especially to provide a
method to determine the offset repeatedly during the use of'a
vehicle.

This object is achieved by a method with the features of
claim 1.

The method is carried out in an electronic system of an
automobile which comprises a control unit, an electrically
powered or assisted rack and pinion steering with a steering or
pinion angle sensor which generates a pinion angle speed
signal p, wheel speed sensors associated with at least one road
wheel which generate at least one wheel speed signal w, and
a yaw rate sensor which generates a yaw rate signal y. The
method comprises the following steps:

a. Observing the pinion angle signal p, the at least one
wheel speed signal w, and the yaw rate signal y, for a
time t;

b. If the pinion angle speed signal p is below a threshold
pmax, and the wheel speed signal w is below a threshold
wmax, and the yaw rate signal y is below a threshold
ymax, then start a waiting first time period t1;

c. If after the first time period t1 the signals p, w and y are
still below their thresholds, then start a calculation of the
yaw rate offset yo during a threshold second time period
12, wherein the average yaw rate ya is acquired during
this second time period t2; and

d. If during the second time period t2 the signals p, w and
y remain below their thresholds, then the acquired aver-
age yaw rate ya is stored as yaw rate offset yo;

e. If the signals p, w and y still remain below their thresh-
olds, then proceed to step c, if at least one of the signals
p, w and y exceeded the respective thresholds, then
proceed to step a.

In an preferred embodiment it was possible that the pro-
ceeding of the offset calculation method following to step e is
interrupted for a threshold third time period t3. With other
words: If the signals p, w and y still remain below their
thresholds, then after a threshold third time period t3 is passed
proceed to step ¢ and/or if at least one of the signals p, w and
y exceeded the respective thresholds, then after a threshold
third time period t3 is passed proceed to step a.

This method enables the control unit to determine the yaw
rate offset yo repeatedly and with great precision while the
vehicle is in use, thus taking into account temperature drift
and the like. The re-calculation of the value yo is carried out
every time when the three signals are below their respective
thresholds for a time t which is at least the sum of the first time
period and the second time period t1+t2.

The signals p, w and y can be filtered, if necessary.

There may be more than one wheel speed sensor. In this
case, the signal w is the sum of the wheel speeds, for example
of two wheel of the same axle, or the sum of four wheel
speeds. In this case, the threshold wmax is the upper limit for
the sum of the wheel speeds.

Suitable values for the limits or thresholds pmax, wmax
and ymax may be:
pmax=20 degrees per second (dps), preferably 10 dps;
wmax=1.0 revolutions per minute (rpm), preferably 0.5 rpm;
and
ymax=20 degrees per second (dps), preferably 10 dps, and
more preferably 1 dps.

In the context of this specification, the term “degrees”
refers to angles, i.e. 1/360 of a full circle, and not to tempera-
ture.

The first time period t1 may be 1 second, and the second
time period t2 may be 0.1 seconds. In the context of this
specification, the term “t1” refers to the first time period and
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the term “t2” refers to the second time period. The third time
period may be 1 second or 10 seconds.

An exemplary embodiment of the present invention is
described in greater detail below on the basis of the drawing,
in which:

FIG. 1: shows a motor vehicle with an electronic steering
system and sensors in a diagrammatic representation; and

FIG. 2: shows a set of curves of sensor signals over time
with applicable thresholds or limits and representative time
intervals.

FIG. 1 shows in diagrammatic form a motor vehicle with
four road wheels, four wheel speed sensors 1, a pinion angle
sensor 2 and a yaw rate sensor 3. The vehicle is equipped with
a steering system with a steering shaft 4 and a gear box 5. The
steering shaft 4, at its upper end, holds a steering wheel 6 and
at its lower end a steering pinion (not shown). An electric
servo motor and an appropriate The steering pinion meshes
with teeth of a toothed rack 7, so that, when the steering wheel
6 is turned, the toothed rack 7 is displaced in its axial direc-
tion. Track rods are attached to both ends of the toothed rack
7 and are connected to steering knuckles (not illustrated),
which in turn carry steered wheels. A rotation of the steering
wheel 6 thus leads, in a known manner, to pivoting of the
steered wheels.

The motor vehicle is equipped in a generally know manner
with an electronic system which comprises a control unit
(ECU). The electrically powered or assisted rack and pinion
steering, the wheel speed sensors 1, the steering or pinion
angle sensor 2, and the yaw rate sensor 3 are connected to the
control unit and are part of the electronic system.

In use, the steering or pinion angle sensor 2 generates an
analog or digital pinion angle speed signal p, wheel speed
sensors 1 generate at least one wheel speed signal w, and yaw
rate sensor 3 generates a yaw rate signal y.

FIG. 2 shows a set of curves of sensor signals p, w and y
over time t with applicable thresholds or limits and represen-
tative time periods t1 and t2. The threshold are normalized to
an arbitrary value which is represented by the dotted line L.
For each signal, the value of L is set as described above.

Now in use, time is running continuously and the ECU
monitors the sensor signals p, w and y. This is method step a
as described above.

As soon as all three signals, p, w and y, fall below their
respective thresholds pmax, wmax and ymax, which are rep-
resented by the line L in FIG. 2, the ECU proceeds to step b as
explained above, namely the ECU wait for a timeperiod T1
and continues to monitor the signals p, w and y.

If during t1 the signals remain below their thresholds or do
not exceed their thresholds, which is equivalent, the ECU
proceeds to step c. In this step, the ECU continues to monitor
the signals p, w and y and in addition collects and averages the
signal y to generate an average yaw rate ya during a timep-
eriod t2. If during t2 the signals remain below their thresholds
or do not exceed their thresholds, which is equivalent, the
ECU proceeds to step d. The value ya is then assumed as a
valid value which is not disturbed by external influence and
therefore ya can be taken as very precise value for the yaw rate
signal offset, designated yo. The precision of this value, as
measured according to the present invention, may even be 1
angular degree per second or better.

If, however, only one of the signals, p, w or y, exceeds the
threshold, ya is cancelled and the method returns to step a
because the detrimental external influence would leave ya too
erroneous.

If, after t2 has lapsed, the signals remain below their thresh-
olds or do not exceed their thresholds, the method may
directly go to step ¢ again and calculated a new value ya.
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In the example at FIG. 2 is shown as the signals p, w and y
are less than the threshold values (shown as L) during time
interval A and during the time interval B. The time interval A
is longer than the sum of the first and second time periods
t1412. As result the offset value yo for the yar rate signal y is
calculating on basis of the average yaw rate signal during the
time period A. The time interval B is shorter than the sum of
the first and second time periods T1+t2. Therefore during the
time interval B no offset value of the yaw rate is calculating.

Using this method, the offset yo can be determined as soon
as the external conditions are favourable. External influences
can be taken into account. One of the influences, which might
have to be explained in detail, is the pinion angular speed p.
Setting an upper limit pmax on this value means that a yaw
rate error can be eliminated, which can occur even during
standstill by turning the steering wheel and thus the wheels of
the vehicle, which can lead to a yaw movement of the vehicle.

Thus, offset values are determined extremely precisely
using the method as described above. Performing this calcu-
lation repeatedly enables the system to compensate for tem-
perature changes and the like, which in the use of a motor
vehicle necessarily arise frequently and on short time scales
within seconds and on long time scales within minutes or
even hours.

What is claim is:

1. A method for calculating the offset of a yaw rate signal,
which is provided by a yaw rate sensor in a motor vehicle, the
method being implemented in an electronic system of an
automobile which comprises a control unit, an electrically
powered or assisted rack and pinion steering with a steering or
pinion angle sensor which generates a pinion angle speed
signal, wheel speed sensors associated with at least one road
wheel which generate at least one wheel speed signal, and a
yaw rate sensor which generates the yaw rate signal, the
method comprising:

a. observing the pinion angle speed signal, the at least one

wheel speed signal, and the yaw rate signal, for a time;

b. starting a waiting time if the pinion angle speed signal is
below a pinion angle speed signal threshold, the wheel
speed signal is below a wheel speed signal threshold,
and the yaw rate signal is below a yaw rate signal thresh-
old;

c. starting a calculation for a time of a yaw rate offset if,
after the waiting time, the pinion angle speed, wheel
speed, and yaw rate signals are still below their respec-
tive thresholds, wherein the starting the calculation of
the time of the yaw rate offset includes acquiring an
average yaw rate for a predetermined time period; and

d. storing the average yaw rate as the yaw rate offset in the
control unit if, during the predetermined time period, the
pinion angle speed, wheel speed, and yaw rate signals
remain below their respective thresholds;

e. determining if the pinion angle speed, wheel speed, and
yaw rate signals still remain below their thresholds, and
if so, then proceeding to c, or if at least one of the pinion
angle speed, wheel speed, or yaw rate signals exceeded
its respective threshold, then proceeding to a.

2. The method of claim 1, further comprising filtering one
or more of the pinion angle speed, wheel speed, and/or yaw
rate signals using one or more low pass filters.

3. The method of claim 1, wherein more than one wheel
speed sensors are provided, and wherein the wheel speed
signal is a sum of wheel speeds detected by the more than one
wheel speed sensors.

4. The method of claim 3, wherein the wheel speed signal
threshold is defined as an upper limit for the sum of the wheel
speeds.
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5. The method of claim 1, wherein the pinion angle speed
signal threshold is 20 degrees per second.

6. The method of claim 1, wherein the pinion angle speed
signal threshold is 10 degrees per second.

7. The method of claim 1, wherein the wheel speed signal 5
threshold is 1.0 revolutions per minute.

8. The method of claim 1, wherein the wheel speed signal
threshold is 0.5 revolutions per minute.
9. The method of claim 1, wherein the yaw rate signal
threshold is 20 degrees per second. 10
10. The method of claim 1, wherein the yaw rate signal
threshold is 0.1 degrees per second.

11. The method of claim 1, wherein the waiting time is not
less than one second and the predetermined time period is not
less than 0.1 second. 15



